We analyze the phenomenological implications of introducing vector-like leptons on the Higgs sector in the Higgs Triplet Model. We impose only a parity symmetry which disallows mixing between the new states and the ordinary leptons. If the vector leptons are allowed to be relatively light, they enhance or suppress the decay rates of loop-dominated neutral Higgs bosons decays h → γγ and h → Zγ, and affect their correlation.
INTRODUCTION
With the discovery of the Standard Model (SM) Higgs-like scalar at the LHC [1] , the SM particle content seems complete. In particular, the mass and couplings of the neutral Higgs boson seem to disfavor an additional chiral generation of quarks and leptons [2] . However, additional vector-like fermions, in which an SM generation is paired with another one of opposite chirality, and with identical couplings, are less constrained, as there is no quadratic contribution to their masses.
These states appear as natural extensions of the SM particle content, in theories with warped or universal extra dimensions, as Kaluza-Klein excitations of the bulk field [3] , in non-minimal supersymmetric extensions of the SM [4] , in composite Higgs models [5] , in Little Higgs Model [6] and in gauged flavor groups [7] . Vector fermions have identical left-and right-handed couplings and can have masses which are not related to their couplings to the Higgs bosons [8] . Depending on the dominant decay mode, the limits on new vector-like fermions range from ∼ 100 − 600 GeV [9] , rendering them observable at the LHC.
Vector quarks can modify both the production and decays of the Higgs boson at the LHC, while vector leptons do not carry SU (3) c charge and can only modify the decay patterns of the Higgs.
Study of the latter would be a sensitive probe for new physics. The lepton states contribute to self-energy diagrams for electroweak gauge boson masses and precision observables, and consistent limits on their masses and mixings have been obtained [10, 11] .
Vector leptons have been studied in the context of the SM [11] [12] [13] , but less so for models beyond the SM, where they can also significantly alter the phenomenology of the model. In the SM, introducing heavy fermions provides a contribution of the same magnitude and sign to the one of the top quark and interferes destructively with the dominant W -contribution, reducing the h → γγ rate with respect to its SM value. Recent studies indicate that cancellations between scalar and fermionic contributions allow a wide range of Yukawa and mass mixings among vector states [14] . An investigation of vector leptons in the two Higgs doublet model [14] showed that the presence of additional Higgs bosons alleviates electroweak precision constraints. Introducing vector leptons into supersymmetry [15] can improve vacuum stability and enhance the di-photon rate by as much as 50%, while keeping new particle masses above 100 GeV and preserving vacuum stability conditions.
In the present work, we investigate vector leptons in the context of the Higgs Triplet Model (HTM). We do not deal with LHC phenomenology (pair production and decay) of the extra leptons, which has been discussed extensively in the literature [16] , choosing instead to focus on signature features of this model. We have previously shown that in the Higgs Triplet Model, enhancement of the h → γγ rate is possible only for the case where the doublet and triplet neutral Higgs fields mix considerably [17] . We extend our analysis to include additional vector-like leptons in the model and investigate how these affect the Higgs di-photon decay rate, with or without significant mixing in the neutral Higgs sector. Originally, both CMS and ATLAS experiments at LHC observed an enhancement of the Higgs di-photon rate, while the di-boson rates (h → W W * , ZZ * ) have been roughly consistent with SM expectations. At present CMS observes σ(pp → h) × BR(h → γγ) = 0.77 ± 0.27 times the SM rate, while ATLAS observes σ(pp → h) × BR(h → γγ) = 1.55
+0.33
−0.28 times the SM rate [18] . Given these numbers, it is possible that either the SM value will be proven correct, or a modest enhancement will persist. A further test of the SM is the correlation of the decay h → Zγ with one for h → γγ. We also include the prediction for the vector lepton effect on branching ratio of h → Zγ and comment on the relationship with the di-photon decay.
We have an additional reason to investigate the effects of vector leptons in the Higgs Triplet Model. The model includes doubly-charged Higgs bosons, predicted by most models to be light.
Being pair-produced, the doubly-charged Higgs bosons are assumed to decay into a pair of leptons with the same electric charge, through Majorana-type interactions [19] . Assuming a branching fraction of 100% decays into leptons, i.e., neglecting possible decays into W -boson pairs, the doublycharged Higgs mass has been constrained to be larger than about 450 GeV, or more, depending on the decay channel. However, if the vector leptons are light enough, which they can be, the doubly-charged Higgs bosons can decay into them and thus evade the present collider bounds on their masses. We investigate this possibility in the second part of this work.
Our work is organized as follows. We introduce the Higgs Triplet Model with vector leptons in Section 2. In Section 3 we analyze the effect of the vector leptons on the decays of the neutral Higgs bosons, and discuss the constraints on the parameter space coming from requiring agreement with present LHC data. We include both loop-dominated decays, h → γγ in 3.1, and h → Zγ in 3.2.
In Section 4 we analyze the effect of the vector leptons on the production and decay mechanisms of the doubly-charged Higgs at the LHC. We summarize our findings and conclude in Section 5.
THE MODEL
The Higgs Triplet Model has been studied previously [20] . Here we concentrate on the effect of extending the model by incorporating additional vector leptons. For the purpose of our analysis, vector quarks either do not exist, or are much heavier and decouple from the spectrum. The model contains a vector-like fourth generation of leptons, namely the SU (2) L left-handed lepton doublets
, right-handed charged and neutral lepton singlets, ν R and e R , and the mirror righthanded lepton doublets, L R = (ν R , e R ) and left-handed charged and neutral lepton singlets ν L and e L . The vector-like leptons have the following quantum numbers under 1) with the electric charge given by Q = T 3 + Y , where T 3 the weak isospin. The Lagrangian density of this model is:
where L kin , L Y , L VL and V (Φ, ∆) are the kinetic term, Yukawa interaction for the ordinary SM fermions, the mass and Yukawa interaction for the the vector leptons, and the scalar potential, respectively. The Yukawa interactions for the ordinary SM leptons are [17] 
3) whereΦ = iτ 2 Φ * , h e is a 3×3 complex matrix, and h ij is a 3×3 complex symmetric Yukawa matrix.
Additionally, with the vector-like family of leptons as defined above, the vector-lepton part of the Lagrangian density is
where we include explicit mass terms, Yukawa interactions among vector leptons, and Yukawa interactions between vector leptons and ordinary leptons. The scalar potential is 5) with m and M the Higgs bare masses, µ the lepton-number violating parameter, and λ 1 -λ 5 the Higgs coupling constants. The expressions for the λ 1 -λ 5 parameters in terms of Higgs masses are given in [17] .
The electroweak gauge symmetry is broken by the VEVs of the neutral components of the doublet and triplet Higgs fields, (2.6) where Φ and ∆ are the doublet Higgs field and the triplet Higgs field, with v 2 ≡ v 2 Φ + 2v 2 ∆ = (246 GeV) 2 . Higgs masses and coupling constants in the presence of non-trivial mixing in the neutral sector have been obtained previously [17] . 3. Finally one can impose a new parity symmetry which disallows mixing between the ordinary leptons and the new vector lepton fields, under which all the new fields are odd, while the ordinary leptons are even [21] , i.e., such that λ i E = λ i L = λ ij = λ ij = λ ij = 0; alternatively one might choose these couplings to be very small.
In this analysis the focus will be on Higgs decays. We investigate the model subjected to symmetry conditions 1 and/or 2; and we neglect mixing between the ordinary and the new vector leptons. When allowed, stringent constraints exist on the masses and couplings with ordinary leptons. New vector leptons are ruled out when they mediate flavor-changing neutral currents processes, generate SM neutrino masses or contribute to neutrinoless double beta decay. Recent studies of models which allow mixing between the ordinary leptons and the new ones exist [21, 22] , but there restrictions from lepton-flavor violating decays force the new leptons to be very heavy M L , M E ∼ 10 − 100 TeV, or reduces the branching ratio for h → τ + τ − , µ + µ − and of h → γγ decay to 30-40% of the SM prediction, neither desirable features for our purpose here. In the Higgs Triplet Model, distinguishing signals would be provided by lighter vector leptons. Since imposing no mixing between ordinary and new leptons allows new lepton masses to be as light as ∼ 100 GeV, perhaps without a reduction in the Higgs di-photon branching ratio, we investigate this scenario here.
In the charged sector, the 2 × 2 mass matrix M E is defined as [11, 13] 
The presence of the vector leptons affects the loop-dominated decays of the neutral Higgs, h → γγ and h → Zγ, and possible relationships between them. In the Higgs Triplet Model, singlyand doubly-charged bosons also enter in the loops, creating a different dynamic than in the SM.
We analyze these decays in turn, and look for possible correlations between them.
h → γγ
Recently, the Triplet Higgs Model has received renewed interest recently because of attempts to reconcile the excess of events in h → γγ observed at the LHC over those predicted by the SM. Such an enhancement hints at the presence of additional particles, singlets under SU (3) c , but charged under U (1) em which affect only the loop-dominated decay branching ratio, while leaving the production cross section and tree level decays largely unchanged. Vector leptons are prime candidates for such particles, so we study their contribution to the Higgs decay branching. The
with M E 1 , M E 2 given in Eq. (2.9), and where the loop functions for spin 0, spin 1/2 and spin 1 are given by:
3) 4) and the function f (τ ) is given by : 5) with
, and m i the mass of the particle running in the loop [11] . In Eq. (3.1) the first contribution is from the top quark, the second from the W boson, the third from the singly-charged
Higgs boson, the fourth from the doubly-charged Higgs boson, and the last two from the vector leptons. We used the following expressions for the couplings of the Higgs bosons with charged vector leptons:
The couplings of h to the vector bosons and fermions are as follows:
with f f = tt, E 1 E 1 , E 2 E 2 , and the scalar trilinear couplings are parametrized as follows
Since the new leptons do not affect the Higgs production channels, the effect on the di-photon search channel at the LHC is expressed by the ratio
where Φ is the SM neutral Higgs boson and where the ratio of the cross sections by gluon fusion is
Here α is the mixing angle in the CP-even neutral sector:
In [17] we investigated the Higgs boson decay branching ratio into γγ with respect to the SM without vector leptons, and found that this is the only scenario which allows for enhancement of the h → γγ branching fraction. We thus set the values 125 GeV and 98 GeV for the h and H masses respectively, and adjust the parameters λ 1 − λ 5 accordingly.
Vector lepton masses and mixing parameters depend on M L and M E , the explicit mass parameters in the Lagrangian; and h E , h E , the vector leptons Yukawa parameters. In the limit of vanishing Dirac mass terms M L and M E , the pre-factors (11) go to one. It then follows that there is destructive interference between the dominant W -boson contribution and the charged leptons loops [11] . In this limit, despite possible enhancement from singly-and doubly-charged Higgs bosons in the loop, we find a large suppression of the di-photon rate. We present the plots for the relative signal strength of R h→γγ , defined in Eq. (3.9) as a function of m E = m E (or equivalently 
The plots in Fig. 1 correspond to symmetry condition 1 in Section 2, that is,
However, if mixing with SM leptons is forbidden, but the vector leptons are still allowed to mix with each other, the pre-factors µ E i /M E i in Eq. (3.1) are not one, and can modify the Higgs di-photon decay. In the next plots we investigate the effect of non-zero mass parameters M L and M E , for fixed values of the Yukawa couplings. In Fig. 2 we present the contour plots of constant (2.9). The plots indicate that it is difficult to obtain any significant enhancement of the ratio R h→γγ for sin α = 0, and this does not depend on the chosen values for the doubly-charged Higgs mass; while for sin α = 0, enhancements are possible for various values of m H ±± . In Fig. 3 we investigate the dependence of R h→γγ on the Yukawa couplings and vector lepton masses. We show contour plots for fixed If we wish to study the light vector leptons parameter space where h → γγ is enhanced, sin α = 0 is preferred. The enhancement is affected by mixing in the vector lepton sector, the various values for doubly-charged Higgs Bosons mass and values of sin α.
As the plots cover only a limited range of the parameter space, in the Tables below we give the ranges for the values of the ratio R h→γγ for the various scenarios. In Table I , we fix the value of the Yukawa coupling to h E = 0.8, allow the vector lepton masses to vary in the (100-500) GeV range, and show the values for R h→γγ for different sin α and doubly-charged Higgs masses. We note that the relative branching ratios are very sensitive to both doubly charged Higgs mass values and values of sin α. Enhancements in the branching ratio of h → γγ are possible for light m H ±± ≤ 300 GeV, and are much more pronounced at large sin α. Note that for sin α = 0, the result is independent of m H ±± , in agreement with the results obtained in [17] . The reason is the following. In Eq. (3.8), for sin α = 0, the coupling between neutral and doubly-charged Higgs
where we used the expression for λ 4 from [17] , is independent of m H ±± . In Table II we allow, in addition to mass variations, variations in the Yukawa coupling h E ∈ (0 − 3). This means allowing both explicit (Dirac) masses and additional contributions by electroweak symmetry breaking, m E , m E . The dependence on the Yukawa coupling h E is much weaker than on sin α or on m H ±± .
However, one can see from the Tables that modest enhancements manifest itself in observing tree-level decays (h → bb, τ + τ − , ZZ * and W W * ) identical to those in the SM. There seems to be a minimum value of R h→γγ for sin α = 0.1, where the contribution from the doubly-charged Higgs bosons is important for small doubly-charged masses and counters the contribution from the vector leptons. This is a suppression of the branching ratio for h → γγ due to the fact that the vector lepton contribution interacts destructively with the dominant W ± contribution. As a general feature, R h→γγ increases when we lower the doubly charged Higgs mass and increase sin α. This rules out part of the parameter space. For instance, for m H ±± = 150 GeV, the mixing cannot be larger than sin α = 0.2, and for m H ±± = 200 GeV, mixings larger than sin α ≥ 0.5 are ruled out. If the value of m H ±± is increased to 500 − 600 GeV, only modest enhancements are possible, and only for sin α = 0, for vector lepton explicit masses in the 100 − 500
GeV range and h E = 0.8. Increasing the vector leptons Yukawa coupling increases the overall ratio Table I , but also allowing h E ∈ (0 − 3). 
h → Zγ
In most models, the h → γγ and h → Zγ partial decay widths are correlated or anti-correlated, though usually the enhancement/suppression in the Zγ channel is much smaller compared to that in the γγ channel. However, as in models with new loop-contributions to h → γγ, Zγ, sensitivity to both is expected, we study the correlation between the two here, in the presence of vector leptons.
Investigation of the branching ratio of h → Zγ is also further justified by the recent results from CMS and ATLAS [23] , which indicate branching fractions consistent with the SM expectation at 1σ in the Higgs boson h mass region at 95% C.L. . The decay width for h → Zγ is given by [24] : 15) where
, and the loop-factors are given by
The functions I 1 and I 2 are given by 17) where the function f (τ ) is defined in Eq. (3.5) , and the function g(τ ) is defined as We proceed to perform a similar analysis as in Sec. 3.1. We show first the variation of the branching ratio h → Zγ with the mass m E = m E , for various values of the doubly-charged Higgs masses, for the case of no mixing in the neutral sector, sin α = 0 (shown in Fig. 4 , left-hand panel), and as a function of the mixing angle sin α for m E = 100 GeV, and m E = 200 GeV, in the middle and right panels of Fig. 4 , respectively. We have chosen the same parameter values as in Fig.   1 , for comparison. It is clear that the branching ratio into Zγ is fairly independent of both m E and m H ±± , and always just below the SM expectations. Note that the severe suppression seen in h → γγ for sin α = 0 (Fig. 1, left side panel) does not occur here, and the results of the left side of Fig. 4 are consistent with the data at LHC.
But the variation with the mixing angle α is pronounced, and the branching ratio can reach almost twice its SM value for sin α ∼ 0.8. However, correlated with our predictions from Sec. 3.1 and LHC measurements for R h→γγ , the parameter space corresponding to an enhanced h → Zγ, for both m E = 100 GeV and 200 GeV, for doubly-charged Higgs mass m H ±± = 150 GeV is ruled out. For all other values considered, the value for R h→Zγ is close to, or below the SM expectations. This is general prediction of the model. In Tables III and IV we present the explicit ranges of R h→Zγ for varying M E , M L and for a range of h E parameters. We choose a fixed value for h E = 0.8 in Table III , as the preferred choice from other analyses [11, 13] , and for comparison with Table I. Comparison of Tables I and III shows that the decay h → Zγ is far more stable against variations in masses and values for sin α than h → γγ, making it a less sensitive indicator for the presence of vector lepton states.
In Table IV we also allow variations in the Yukawa coupling h E ∈ (0 − 3). As before this amounts to allowing both explicit and contributions by electroweak symmetry breaking, m E , m E , to vector lepton masses. Comparison of the Tables III and IV However, the relative branching ratios are very sensitive to values of sin α. While the branching ratio into Zγ is almost always suppressed with respect to its SM value, there is a small region of the parameter space, light H ±± and sin α 0.7 − 0.9 where enhancement is possible; but as discussed before, this region is ruled out by constraints from h → γγ measurement, Table II. Note that for sin α = 0 the branching ratio is as before, independent of the mass of H ±± and about the same as in the SM. Table III , but also allowing h E ∈ (0 − 3). 
, and into H ± W ±( ) , if kinematically allowed. Searches for H ±± were performed at Large Electron Positron Collider (LEP) [25] , the Hadron Electron Ring Accelerator (HERA) [26] and the Tevatron [27] . The most up-to-date bounds have been more recently derived by ATLAS and CMS collaborations at the LHC. Assuming a Drell-Yan-like pair production, these collaborations have looked for long-lived doubly-charged states, and after analyzing 5 fb −1 of LHC collisions at a center-of-mass energy √ s = 7 TeV and 18.8 fb −1 of collisions at √ s = 8 TeV, they constrained the masses to lie above 685 GeV [28] . The assumption is that the doubly-charged
Higgs bosons decay 100% into a pair of leptons with the same electric charge through Majorana-type interactions [19] , thus neglecting possible decays into W -boson pairs, shown to alter the pattern of H ±± branching fractions [29] . In this work, we allow both decays into W ± W ± bosons, and also include the effects of decays into vector leptons, which, if light enough, would modify the decays
1 For the present analysis, the mass of the doubly-charged Higgs boson will be such that decays into on-shell W ± pairs are kinematically allowed.
of the doubly-charged Higgs bosons further. We take v ∆ = 1 GeV throughout our considerations 2 .
The main production mode for H ±± is the pair production pp → γ * , Z * → H ±± H ∓∓ and the associated production pp → W ± * → H ±± H ∓ . The production cross sections for both the vector boson fusion qQ → q Q H ±± , and for weak boson associated production qQ → W ± * → H ±± W ∓ , are proportional to v 2 ∆ and much less significant for v ∆ v Φ .
At hadron colliders the partonic cross section for the leading order (LO) production cross section for doubly charged Higgs boson pair iŝ
where we defined
with I 3i the third component of the isospin for particle i, Q 2 =ŝ the square of the partonic center of mass energy, β = 1 − 4m 2 H ±± /Q 2 , and α the QED coupling constant evaluated at scale Q. The hadronic cross section is obtained by convolution with the partonic density functions of the proton
where Lis the parton luminosity and τ 0 = 4m 2 H ±± /s (s is the total energy squared at the LHC). The cross section for pair-production, including NLO corrections, has been evaluated in [30] .
Depending on mass parameters in the model, the doubly-charged Higgs boson can decay into lepton pairs, including vector leptons, W ± pairs, or H ± W ± states. In the Higgs Triplet Model, the decay rate for H ±± into leptons is 3) where m i is the mass of the i−th lepton (i = e, µ or τ ) and S ij = 1, (1/2) for i = j, (i = j).
Similarly the decay rate of H ±± into fourth generation vector leptons is, if kinematically allowed 4) with M E i the mass eigenvalue from Eq. (2.9). In addition, we use the decay rates of H ±± into W ± W ± and W ± H ± : 6) where cos β ± 1 is the mixing angle in the singly-charged Higgs sector and
We investigate the branching ratios of H ±± in two distinct parameter regions:
• Condition 1: when H ±± → W ± H ± is not kinematically allowed. Then H ±± decays into leptons and W ± pairs only:
, 8) with the total width for Condition 1
• Condition 2: when H ±± → W ± H ± is kinematically allowed. Then H ±± is able to decay into charged Higgs and gauge bosons as well:
where 4.9) with the total decay width for Condition 2
We investigate the decay patterns of H ±± and present plots of the production cross section times the branching fractions under various conditions. To cover a wide range of parameter space, we distinguish two cases for each condition, depending on the vector lepton masses. We set the Yukawa coupling of the vector leptons with the doublet Higgs bosons to be h E = h E = 0.8 for both cases.
• Case A corresponds to very light vector leptons: M E = M L = 205 GeV. For this case we obtain for the eigenvalues, M E 1 = 344.2 GeV, M E 2 = 65.8 GeV, the latter of which is close to the allowed minimum.
• Case B corresponds to intermediate mass vector leptons M E = 400 GeV, M L = 300 GeV.
For this case we obtain for the eigenvalues, M E 1 = 498 GeV, M E 2 = 202 GeV.
In Fig. 5 we show the corresponding graphs for Condition 1 (when the decay H ±± → W ± H ± is not kinematically allowed), Case A on the top row and Case B on the bottom row. We plot h EE = h EE = 0.01. We set h ij = 0.01 throughout.
For small vector lepton coupling h EE = 0.01, the decay into µ ± τ ± is dominant at low H ±± masses (this is because we assumed the couplings h ij with ordinary leptons to be all equal; should we have chosen them diagonal, the branching ratio into τ ± τ ± would dominate). At high H ±± masses the branching ratio into W ± W ± dominates and can reach 40%, branching ratios into ordinary leptons reaching at most 40%, and those into vector leptons remaining at or below 20%
level. If the triplet Yukawa coupling to vector leptons is allowed to increase to h EE = h EE = 0.1, the decay into the two lightest vector leptons E 2 becomes dominant, and can reach 80-90% when kinematically allowed (in the m H ±± ∼ 200 − 400 GeV region for M E 2 = 65.8 GeV) and overwhelms the other decay modes, which are now below 5%. The only difference between Case A and Case B in this figure are threshold effects. For Case B, m H ±± > 400 GeV for decay into pairs of E 2 states,
as M E 2 = 202 GeV; otherwise the branching ratios are the same.
In Fig. 6 we plot the same quantities for Condition 2 (when H ±± → W ± H ± is kinematically allowed), also Case A on the top row and case B on the bottom row, h EE = h EE = 0.01 on the left hand side and h EE = h EE = 0.1 on the right hand side. The decay pattern is very different here, and it is dominated by H ±± → W ± H ± . For small vector lepton coupling h EE = h EE the branching ratios for decays into vector and ordinary lepton pairs, and W ± pairs are very small, and reach at most 1%. Increasing the vector lepton coupling to h EE = h EE = 0.1, the decay into H ± W ± still dominates throughout the parameter space where it is kinematically allowed and can reach a branching fraction of over 90%, while the decay into vector leptons can have branching ratios of up to 25%. Again, the decay rates into W ± boson pairs and ordinary leptons are below 1%, and the only difference between Case A and Case B are, as in Fig. 5 , threshold effects. (bottom left) Case B and h EE = h EE = 0.01; (bottom right) Case B and h EE = h EE = 0.1. We take throughout h ij = 0.01 and m H ± = 120 GeV for Condition 2.
CONCLUSION
Despite no new signals of physics beyond the SM at the LHC, the SM cannot be the complete theory of particle interactions. An extension of the SM by additional vector-like leptons is not ruled out experimentally, and has been shown to provide a dark matter candidate. In models beyond the SM, the vector leptons can alter not only the phenomenology of the Higgs, but also of other additional particle representations predicted by the models. We provide an example within the Higgs Triplet Model, where previously we showed that, in the absence of triplet-doublet Higgs mixing in the neutral sector (sin α = 0), there is no enhancement of the rate of decay of h → γγ in this model with respect to the SM expectation.
Introducing vector leptons does not affect any of the tree-level decays of the neutral Higgs boson observed at the LHC, nor its production decay. However, loop decays into electroweak particles, such as h → Zγ and h → γγ would be affected. We show that, for the no-mixing scenario (sin α = 0) the decays rates into γγ and Zγ do not depend on the doubly charged Higgs mass, and thus without the additional vector leptons, these decays would be unchanged from the SM expectations. With vector leptons, modest enhancements or suppressions are possible, more so for h → γγ, where for large Yukawa couplings, the rate of decays could even double. Under the same circumstances, the decay width for h → Zγ remains practically unchanged from its SM value. The model thus presents a mechanism for enhancing one loop-decays and not the other, which seems to be consistent with the LHC data (so far).
If sin α = 0, the effect of the doubly-charged Higgs bosons is felt for both h → γγ and h → Zγ, most spectacularly so for very light m H ±± = 150 GeV, which is ruled out for sin α = 0. Parameter space regions where light doubly-charged Higgs masses , and significant mixing in the neutral sector coexist, are disfavored. In general, there are many parameter combinations for which the decay h → γγ is enhanced, but few for an enhanced h → Zγ, and these regions are ruled out by the branching ratio for h → γγ. However, if the decay h → γγ is (modestly) enhanced, while h → Zγ is the same as the SM to 1σ, small mixing angles and light doubly charged Higgs bosons m H ±± < ∼ 300 GeV are preferred. The fact that there are no regions of the parameter space consistent with present measurements of the branching ratio for h → γγ and an enhanced rate for h → Zγ is a feature of this model, valid over the whole explored range of the parameter space. Other than that, there are no definite correlations or anti-correlations between there two loop-dominated decays. Yukawa couplings h EE = 0.1, whereas for small h EE = 0.01 branching ratios into ordinary leptons, vector leptons and W ± pairs are comparable for m H ±± ≥ 600 GeV. If and where the decay H ±± → W ± H ± is kinematically accessible, its corresponding branching ratio is the largest, while the branching fraction into vector leptons could reach 20-25% for h EE = 0.1. Under both these circumstances, the decay patterns of the doubly charged Higgs bosons are significantly altered, raising the hope that they can be found at masses around 300-500 GeV.
